A key distinction which has emerged from heterogeneous firm models of international trade is that of exporting at the intensive and extensive margins. Empirically however, the two are often conflated, leading to biased estimates of the impact of falling trade costs. This paper exploits detailed firm level data, which includes information on the destination of exports to investigate causal links between enterprise productivity and the number of markets a firm serves as well as the relative size of those markets. Our focus is Sweden's Food and Beverage sector, which is not only highly open, but has been subject to policy induced changes in trade costs (as well as falling natural barriers) over our sample period. We have data on almost 10,000 firm / time / destination observations across 6 years and 138 destinations. Our results confirm that conflating adjustment at the internal and external margins does bias trade resistance effects. Combining detailed firm specific information with data on destination characteristics confirms the importance of a range of country specific characteristics (including exchange rate risk) and facilitates the estimation of both distance and market size elasticities, from firm level data.
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Non-Technical Summary
Recent years have seen the emergence of a new model of international trade, the heterogeneous firm model, as the dominant model used for explaining patterns of international trade. In part, its success can be attributed to its ability to describe adjustment on either the margin of entry and exit into export markets (the extensive margin) and the volume of export sales by existing exporters (the intensive margin) of trade. Empirical evidence on the determinants of these margins of adjustment is now widespread covering many country and industry settings as well as time periods (see the reviews in Greenaway and Kneller, 2007) . More recently this has been extended to provide a more complete decomposition of the extensive and intensive margins, adding changes in the number of markets served by established exporters.
The emergence of this new theory of trade has contributed to a re-evaluation of the dominant empirical models explaining trade flows. At the aggregate level an important implication of the heterogeneous-firm model is the suggestion that the extensive margin may have important implications for our estimation of how different trade-policy measures affect firm exports. In particular the model suggests that most current empirical testing conflates the intensive margin of exporting with what is in fact adjustment at the extensive margin.
In this paper we also exploit detailed firm data on the destination of international trade, but to shed new light on a second dominant empirical model. There has now developed a large literature modelling the extensive and intensive margins of firm exports. The concern here mirrors that at the aggregate level: adjustment at the intensive margin is being conflated by adjustment at the extensive margin. Again this suggests that the effects of policy change on exports might be missed in traditional estimates.
1
I Introduction
Recent years have seen the emergence of the heterogeneous firm model as the dominant model used for explaining micro patterns of international trade (Melitz, 2003; Bernard, Eaton, Jensen and Kortum, 2003) . In part, its success can be attributed to its ability to describe adjustment on either the extensive (non-export firms becoming exporters) and intensive margins (the volume of export sales by existing exporters) of trade. Empirical evidence on the determinants of these margins of adjustment is widespread (see the reviews in Greenaway and Kneller, 2007; and Wagner 2007) . Chaney (2008) Important works here include the exploration of the anatomy of international trade by Eaton, Kortum and Kramarz (2004) for France and Bernard, Jensen and Schott (2006) for the US.
In this paper we also exploit detailed firm data on the destination of international trade, but to shed new light on a dominant empirical model. There has now developed a large literature modelling the extensive and intensive margins of firm exports using a wide range of firm an industry level variables. Important early contributions here include Roberts and Tybout (1997) , Bernard and Jensen (2004) and Bernard and Wagner (1998) , while a more comprehensive review can be found in Greenaway and Kneller (2007) . The concern here mirrors that at the aggregate level: adjustment at the intensive margin is being conflated by 2 adjustment at the extensive margin. In our data around 3.5 per cent of all non-exporting firms starts exporting each year and around 13 per cent of all exporters stops exporting, and these changes in the extensive margin would be subsumed into the intensive margin in the standard empirical set-up.
Our analysis is based on a very detailed census of firms in the Swedish Food and Beverage sector. This sector is especially interesting since Sweden's EU-accession in the mid 1990's meant that it had to become more open towards the rest of the EU. Furthermore, focusing on one sector may yield important insights since as Chaney (2008) argues, differences in the elasticity of substitution can affect results (although Eaton Kortum and Kramarz (2004) suggest cross-industry differences are not important, albeit in a cross-section).
Our highly disaggregated data allows us to test several hypotheses derived form core firm heterogeneity models. In particular, we are interested in whether higher productivity is associated with serving a larger number of countries; the links between firm productivity and the size of foreign markets; and links between productivity and revenue.
The remainder of the paper is orgainised as follows. Section II briefly refers to the theoretical literature on firm heterogeneity and exporting, setting out the hypotheses in which we are particularly interested. Section III explains our modelling framework and sets out our empirical specification. In Section IV we report and discuss our results for our firm level estimations. Finally, Section V concludes.
II
Heterogeneity and Firm Exports
The most common way to describe firms' sales on different markets is to start with what is often called a 'new trade theory' perspective, as synthesised in Helpman and Krugman (1985) , and in particular the assumption of identical preferences across countries. This implies that any demand effects on trade patterns are neutralised, and the use of "love for variety", as in Krugman (1980) , implies that consumers around the world always demand a product as soon it is produced. The pattern of trade is therefore solved as soon as we determine where each product or variety is produced. This is ensured by monopolistic competition and 3 differentiated products. 1 If we also assume a variable transport cost for exporting, implying price differences across countries, we derive the following export volume of firm f in country i to country j:
where p jf is the price of variety f in country j, Y j is country j's income, ε is a constant demand elasticity, P j is country j's ideal price index, λ is the utility function's distribution parameter across products, and E j is the set of products available at market j. The price of f's products on market j depends on demand elasticities, factor prices in j, and transport costs between production locations i and market j. This demand function is similar to the demand for "region i goods by region j consumers" as used in Anderson and Van Wincoop (2003) but for a single variety produced in i. The price index in market j depends on the costs of exporting from all locations to market j, and hence it is labelled the "multilateral trade resistance" variable in Anderson and Van Wincoop (2003) . That is, any shift in trade costs between two trade partners effects the importer's propensity for importing from all regions because relative prices change.
If we also assume, as in Helpman et al (2006) and Chaney (2008) , that firms are heterogeneous (in that they have different productivity levels), the price of f's variety on market j also depends negatively on the firm's productivity level. The higher the productivity levels, the higher are export volumes. Finally, if all firms also face a fixed cost of exporting, firm f only serves market j as long as exporting is profitable. This implies that firms select themselves into export activities, and whether a firm elects to export to market j depends on its productivity level and the fixed costs of exporting to that particular market. In this setting we have the following firm-level export equation: In common with models of this type (like Chaney, 2008; Yeaple, 2005; Eaton, Kortum and Kramarz, 2005; Helpman et al., 2006) this equation yields a number of testable predictions. In this paper we are interested into the following:
• the more productive a firm the greater the number of countries it will serve;
• for a given level of firm productivity the probability of serving an export market is increasing in the size of the foreign market and decreasing with the fixed and variable costs of exporting; • for any firm with productivity sufficient to serve a foreign market, the revenue earned in that market is proportional to its productivity.
III
Modelling Framework and Empirical Specification
The selection process One important implication of the heterogeneous-firm model is the incorporation of the extensive margin of international trade and the selection of exporters, as a consequence of sunk costs. The evidence of self-selection into export activities is robust (see Wagner, 2007) , and we will use this selection process to reveal information on why some firms are more successful than others in a particular market.
We define our selection equation as follows: (Deardorff, 1998; Haveman and Hummels, 2004) . 2 This selection equation is similar to the parameterised reduced-form of export activity in Roberts and Tybout (1997) as well as in Bernard and Jensen (2004) .
where z kjf is a set of K explanatory firm-level variables, z lij is a set of L explanatory countrylevel variables, and δ j is an estimation of the importance of sunk-cost of exporting (or the importance of last year's export decision on this year's).
According to the heterogeneous firm model participation decisions are determined completely by a combination of sunk-costs and firm productivity. In the empirical counterpart to this, the set of firm characteristics has been extended to include factors such as size, age, human capital, relative capital-intensity, ownership and so on. While there are differences in the exact methodology employed (the choice over logit or probit models and attempts to correct for bias from inclusion of lagged export status of the firm) results are for the most part robust. Some if not all firm level variables are strongly correlated with export market entry. Here the set of firm level controls include a measure of firm productivity, ownership (owned by a foreign firm or owner of foreign firms), size (measured by employment), capital intensity (measured by the ratio of capital stock to the number of employees), and skill intensity (measured by the share of employees with a university degree). 3 We would expect all to have a positive association with the margins of exporting. All these indicate whether a firm is successful or not on foreign markets, and hence we use lagged (one period) firm characteristics to avoid problems of endogeneity. We also consider export hysteresis due to sunk costs by controlling for lagged export activities (i.e. a dummy variable taking the value of one if the firm exported to a particular partner last year), which was used in, for example, Bernard and Jensen (2004) .
The decision to export to a particular country does not, however, only depend on the characteristics of the firm but also on the characteristics of the export destination, which we uniquely have the opportunity to analyse. The probability of exporting to a particular country may increase with the economic size of the destination market, which we consider by including trading partners GDP. As discussed in Melitz and Ottaviano (2008) , the size of the importing country may have a positive as well as a negative effect on firms export decision since the positive effect of increased export opportunities may be dampened by a more competitive environment. We also include the population of the importing country since, as 6 discussed in Anderson and Van Wincoop (2203) , richer countries may use a bigger share of their income on tradables. In addition, we include several bilateral trade resistance variables such as distance, membership of the EU15, and a dummy indicating whether the importing country is low or middle-income. We also include exchange rate information, and in the selection equation consider exchange rate risk since a firm may avoid markets with high exchange rate fluctuations. Or measure of exchange rate risks is calculated as the differences between the maximum and minimum exchange rate divided by its mean.
The gravity equation Theoretical models (representative as well as heterogeneous firmmodels) which underpin gravity equations all point out two essential macro variables which explain bilateral trade volumes; market size and trade barriers. Market size is, of course, important for the demand facing each firm in each export market, but is also important for explaining aggregate trade volumes as it tells us something of the export potential of each country. Trade barriers are important in explaining both firm-level and aggregate export volumes. It is quite obvious that any explanation of bilateral trade volumes has to consider bilateral trade-barriers that may hinder a firm's exports. However, a country's propensity for importing is affected by its trade relations with all export countries, which underlines the importance of controlling for multilateral trade-resistance. One way to control for this is to introduce time-invariant export destination effects, to take account of unobserved price indices effects. 4 This, in our sample, would make it impossible to estimate the effects of time-invariant bilateral effects (such as destination or regional trade agreements), which is the reason for using regional export-destination effects (the 19 regions are presented in Table A3 in the Appendix). We also incorporate bilateral trade resistance variables (distance, members of the EU, English speaking or not, low and middle-income countries) and the real exchange rate in order to explain firms export volume to different markets. In addition to macro variables, heterogeneous-firm models emphasise that export volumes depend on the characteristics of firms. In the gravity equation we include firm size (measured by the number of employees), TFP, ownership status (foreign owned, owner of foreign firms or domestic) and capital intensity. export activity of these firms shows a rather dynamic pattern since a firm tends to only stay in an export market, conditional on whether the firm ever exported to this market, for approximately 50 per cent of its observations. Furthermore, around 23 per cent of the firms exporting in a particular year exit an export market the following one. This is considerably greater than entry/exit rate as usually modelled. 6 We have information on the number of employees (skilled and unskilled), capital, energy, raw materials, ownership (foreign owned or owner of foreign firms) and total sales. We calculate the multilateral productivity index as in Aw et al (2003) . In addition to this index we used an alternative productivity measure based on the method recommended by Levinsohn and Petrin (2003) using skilled and unskilled labour as free inputs, raw materials as a proxy for unobserved chocks, and capital as a fixed input.
7 Note that we only consider firms that exit for at least 3 sequential years.
8 Table A2 reveals that the characteristics of exporting firms are in line with other studies. If we compare firm-destination exporter with firm-destination non-exporter, we see that exporting is characterised by higher productivity, more skill intensive production techniques, bigger firms and an international ownership structure. The same table also reveals that exports are concentrated on nearby and large markets as well as markets with a relatively high share of agricultural production. The latter may indicate that particular export destination has a relatively large food and beverage sector, which implies a relatively competitive environment and relatively high demand for intermediates.
A closer look at our sample shows that the export activity of firms varies greatly. Figure 1 shows that firms' export activity within an industry may be highly concentrated as well as very diversified. Some concentrate their exports on a few destinations; while others spread their exports to different markets. This figure also reveals, as expected, that the concentration of a firms export sales falls with the number of export markets, i.e. firms tend to distribute exports more equally across destinations as the number of destinations grow. In Figure 2 we compare the number of export destinations with firms' productivity level, and the results are in line with theoretical predictions. More productive firms tend to reach out to more markets.
The relationship is not one-to-one, but a simple Poisson regression of TFP on the number of export destinations reveals that a unit increase in TFP increases the number of export destinations by 1.22. 
IV Gravity at the firm level
In Tables 1 and 2 we report results for the extensive and intensive margins of trade using two different data sets. In Table 1 we present results from a multilateral dataset when firms are characterised as exporters or non-exporters without considering the number of markets, or which markets they serve. These are typical of regressions found in the literature (Wagner, 2007) and serve as the benchmark against which we compare the results in Table 2 , where we exploit information on firm export destinations. Both tables are structured in the same way:
regressions 1, in both report the firm and country determinants of the extensive margin and regressions 2-4 the intensive margin. Equations 1 and 2 result from a maximum-likelihood estimation for a sample selection model where the selection process into different export destinations is allowed to affect the intensive margin. Regressions 3 and 4 are not corrected for selection bias, but in regression 4 we use fixed firm-destination effects to control for possibly unobserved persistent time-invariant export factors.
The significance of the estimated correlation (rho in Table 1 and 2) between the errors of the selection and the outcome/gravity equation suggests that a sample selection model should be used. The negative sign of this correlation term suggests that unobservables making exporting more likely, decrease the intensive margin of exporting. As the correlation between error terms is sensitive to our specification (or the unobservables in the error term), we do not try to interpret or speculate about the nature of this particular correlation. What we can say is that our results support the view of Helpman et al (2007) that traditionally gravity models conflate trade resistance variables effect on firms' export levels with their effect on firms' selection into exporting. For example, since the probability of exporting decreases with distance, the proportion of firms exporting decreases with distance, which decreases aggregate trade flows independently of the effects of distance on the intensive margin. The possibility for conflating the extensive and intensive margin in the traditional gravity model is aggravated by the significance of all other destination characteristics.
In addition to possible biased effects on estimated firm-level export elasticities of ignoring the extensive margin, we find there are important unobserved firm and/or destination characteristics which may be biasing these elasticities. The results suggest, for example, that the elasticity of exporting with respect to distance at the firm level is likely to be overestimated.
Comparing the results across Tables 1 and 2 there are a number of noticeable differences that appear to confirm that the extensive margin becomes conflated with the intensive margin when we do not have firm-specific trade data. This bias manifests itself in two main forms.
Firstly, on the regressions for the extensive margin, although consistent with our prior expectations and with the existing empirical evidence (Greenaway and Kneller, 2007) , there is a greater number of significant coefficients in Table 2 compared to Table 1 . In Table 1 we find evidence that large firms that use skilled labour intensively are significantly more likely to export. However we use firm-level bilateral trade flows in Table 2 , we also find that exporters are more likely to be productive, capital-intensive firms that have an international ownership structure.
In line with Roberts and Tybout (1997) , Bernard and Jensen (2004) , Bernard and Wagner (1998) and Greenaway and Kneller (2008) we find strong evidence of export persistence due to sunk-costs captured by the lagged export status of the firm. 8 Perhaps unexpectedly however, we find that the effect of experience on the probability of exporting is very similar across Tables 1 and 2 at just over 0.1. This is also true of the other firm level variables that are significant in Table 1 for Germany (Bernard and Wagner, 1998) . 8 All firm characteristics are lagged one period in order to minimise any simultaneity problems. 9 The relatively low impact of earlier export decision on this year's decision is only found in non-linear regressions and when the whole sample is used. If we use dynamic panel data methods in order to estimate a linear-probability model, then last year exporters is more than 30 per cent likely to export compared to nonexporters. The results are also more in line with the results from a linear-probability model when we exclude low and middle-income countries, which is the same as excluding a large set of zeros.
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The second noticeable difference between Tables 1 and 2 is on the intensive margin of firm exports. Here we find that the number of significant coefficients are similar, comparing regression 2 from both tables for example shows that the only difference is the significance of the dummy indicating foreign ownership in Table 1 . However the effect of any given change in the firm variables is much stronger in Table 1 compared to Table 2 . The marginal effects, calculated at the mean of the right hand side variables, are reported in Table A4 . According to these , the effect of a 1 per cent change in productivity or employment on trade volumes is about twice as strong when we do not include information on export destinations.
In terms of the number of significant coefficients the firm level variables have a more sensitive relationship when comparing across regressions 2-4 in both tables. In Table 2 the productivity of the firm is the only variable to have a significant relationship in all of the regressions, and in Table 1 the only significant relationship is foreign ownership. In columns 2 and 3 it would also appear that larger and more skill intensive firms export more. The relationship for these variables would appear however, to be driven primarily by the between firm variation in size and skill levels. The inclusion of firm-destination effects in column 4
leads to the loss of the significance of the skill variable.
Of interest to the literature on export platform FDI (see for example Yeaple, 2003 and Ekholm et al., 2003) we find that foreign multinational firms behave in line with other firms once their productivity and size adavnatages are controlled for. Similarly of interest to the literature on the proximity-concentration trade off we find some evidence of a positive relationship in column 3.
It is possible to model the country-specific determinants of trade only in Table 2 . Of the country level variables again most are significant and in general in line with our prior expectations. They show that Swedish firms are more likely to export when country j is closer to Sweden, and has a larger market size when measured by GDP. Conditional on these measures of market size and distance we do also find that it is less likely to trade with highly populated countries. This is in line with the Balassa-Samuelson effect since poorer countries are expected to demand less tradables. In addition we find that Swedish firms in the food and beverage industry are less likely to export to risky markets (measured by volatility in exchange rate). The importance of local taste in the food industry and the location of Sweden near Norway (see Figure 4) is reflected in the negative impact of EU15, low and middleincome countries, and English speaking countries on the probability of exporting. On the other hand, the positive effect of EU15 together with the negative effect of English speaking countries on the intensive margin of exporting reveals the importance of nearby EU-markets as soon as a decision to export has been taken.
Of greatest interest perhaps are the coefficients on distance and market size, where there exist no comparable regressions in the literature. In their meta analysis of gravity models Disdier and Head (2008) report that the average elasticity on distance is -0.9, with 90 per cent of estimates within the range -0.28 to -1.55. Clearly the elasticities reported in Table 3 This may, of course, be a result of focusing on the Swedish food and beverage industry, but when we use aggregated data we find that our estimate of the elasticity on distance (see Table   3 ) is close to the average found in the literature. This is so independent of the estimation approach (i.e. In short we found that our estimate of the elasticity on distance (see Table 3 and 4) is much closer to the average found in the literature using aggregated data compared to our firm-level analysis. That is, the elasticity is around 1.14 in all but one regression. When it comes to the elasticity with respect to market size, we found that this is also higher when we use sectoral trade flows. It is much closer to the theoretical (according to Anderson and Van Wincoop) level of one. The exception to both these observations is regression 4 in Table 4 , which differs from all the other regressions. In all other specifications when regional dummies are used, the 13 selection problem seems to be unproblematic. Finally, the elasticity with respect to size of the destination market is only in line with our firm-level estimates when we do not control for the extensive margin of exports on firm level but correcting for firm-specific effects. One explanation of this could be that export-market size affects sunk-costs, and hence the probability of exporting. That is, the high elasticity is inflated by the extensive margin of trade on aggregated trade flows, and hence does not represent how firms actually react to market size.
V Conclusions
This paper starts from a key distinction which has emerged from heterogeneous firm models of international trade, namely exporting at the intensive and extensive margins. Although these are distinct and are likely to impact differently on productivity, the two are often conflated in empirical analysis, leading to biased estimates of the impact of falling trade costs.
This paper exploits takes advantage of very detailed firm level data, which includes information on the destination of exports and investigates causal links between enterprise productivity and the number of markets a firm serves as well as the relative size of those markets. Our specific focus is Sweden's Food and Beverage sector, which is not only highly open, but has been subject to policy induced changes in trade costs (as well as falling natural barriers) over our sample period. We have data on almost 10,000 firm / time / destination observations across 6 years and 138 destinations. Our results confirm that conflating adjustment at the internal and external margins does bias trade resistance effects. Combining detailed firm specific information with data on destination characteristics confirms the importance of a range of country specific characteristics (including exchange rate risk) and facilitates the estimation of both distance and market size elasticities, from firm level data.
14 Tables Note: > (<, ~) indicates that the mean of non-exporters is significantly (at a 0.001 level) larger than (smaller than, equal to) the mean of exporters. 
